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Outline of talk
ÁMotivation:  Improving dissipation-delay efficiencyin SCE
ÁAppears limited in existing SCE logic families (as well as in CMOS)

ÁCan we find a new SCE logic style that may give a path forward?

ÁApproach:  Reversible computing without clocking overhead?
ÁAdiabatic SCE logic families have dissipation/op ᶿ1/(transition time)
ÁTypical in classicaladiabatic processes:  e.g.resistance, friction, viscosity

ÁHowever, quantumadiabatic processes can do better than this!
ÁExponential adiabaticity of Landau-Zener transitions in scattering procs.

ÁCan elastic scattering of fluxonsdo ballistic reversible computing?
ÁUse Asynchronous Ballistic Reversible Computingmodel of computation

ÁACI/ACS-funded project at Sandia:
ÁReview of progress to date:  LJJ interconnects, RM cell, test chip

ÁProject plan looking forwards:
ÁContinued technology development (more circuits / experimental tests)

ςAlso investigating whether theoretical methods of superadiabaticity/ 
shortcuts to adiabaticity(STA) might be applied in fluxon-based systems
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Project Plan Outline (from Proposal)4

Á Three main technical thrusts:
Á Theory, Modeling, Applications

ÁPIςM. Frank

ÁDevices, Circuits & Simulation
ÁCo-PIςR.Lewis

Á Fabrication, Measurement
ÁKey Personnel: N. Missert

Á University subawards:
ÁDesign Tools (FAMU/FSU)

ÁMatloob, Allen, Corces, Hardy

Á FundamentalPhysics(Brown)
ÁK.Shukla w. J. Xu

ÁCircuit Analysis (Purdue)
ÁR.Biswas& D. Woods

ÁOneyearbaseperiodandtwo
one-yearoption periods



Dissipation-delay Efficiency (DdE)
Á A key motivating Figure of Merit (FOM) in the present study.

Á For a single primitive transition of the digital state of a system 
between two distinct informational states, consider:
Á The energy dissipation Ὀincurred by that transition process.

ÁRelates to real-world costs associated with supply of energy and cooling.

Á The delay Ὠ, defined as the time interval from start to end of process.
ÁRelates to costs associated with achieving a given level of parallel performance.

Á Then define the dissipation-delay product $Ä0ὈẗὨ.
ÁNote that since Ὀrefers specifically to energy dissipation, not to energy 

investedin the signal, in reversible processes, it is not subject to the 
άǉǳŀƴǘǳƳ ǎǇŜŜŘ ƭƛƳƛǘέ(QSL) lower bound of ͯὬ! (E.g.Margolus-Levitin)
ÁNo fundamental lower bound to DdPis yet known!

ς In fact, it would be identically zero for any perfectly-known unitary time-evolution. 

ÁOf even more general interest than DdPper se is dissipation as a function of 
delay, ὈὨΣ ŎƻƴǎƛŘŜǊŜŘ ƻǾŜǊ ŀ ǊŀƴƎŜ ƻŦ ǇǊŀŎǘƛŎŀƭ όǘƻƭŜǊŀōƭŜύ ŘŜƭŀȅ ǾŀƭǳŜǎΧ
Á²ŜΩŘ ƭƛƪŜ ǘƻ ŜȄǘŜƴŘ ǘƘŜ pareto frontierof this function within the useful range.

Á Dissipation-delay efficiency(DdE) of a given computing technology just 
refers to the reciprocal of DdP, – ὈὨ .
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ExistingDissipation-Delay Relations
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